Background Most patients with hip fractures are characterised by older age (>70 years), frailty, and functional deterioration, and their long-term outcomes are poor with increased costs. We compared the eff ectiveness and costeff ectiveness of giving these patients comprehensive geriatric care in a dedicated geriatric ward versus the usual orthopaedic care.
Introduction
Hip fractures are frequent in older people (>70 years) and represent a worldwide challenge. 1 Because of population ageing, fragility fractures are an increasing burden on health-care systems and societies. 2 Most older people who fracture a hip are frail, have comorbidities, and show a functional deterioration that is typical of geriatric patients. 3 After a fracture, both short-term and long-term outlooks for patients are generally poor, with increased 1 year mortality (18-33%), 4 and negative eff ects on activities of daily living and mobility. A review of long-term disability in patients with hip-fractures that summarised a weighted average of relevant studies estimates that 42% of survivors do not return to their prefracture mobility, 35% are incapable of walking independently, 20% are unable to shop independently, 5 and about 20% enter a long-term care facility during the fi rst year after a fracture. 6 Hip fractures have substantial socioeconomic eff ects and large, attributable costs, with acute and post-acute institutional care as the primary driver. 6 Although surgical care is crucial for improving outcomes after a hip fracture, the proposal that a hip fracture in an older person represents a geriatric rather than an orthopaedic disorder calls for new clinical approaches. 7 Comprehensive geriatric care is an alternative form of care; when practised in dedicated geriatric wards, it improves outcomes for frail older patients who are acutely admitted to hospital, and might be equally relevant for geriatric patients with hip fractures. 8 Guidelines and recommendations have addressed the importance of combined geriatric and orthopaedic (orthogeriatric) care as an alternative to traditional treatment, 9 although the optimum treatment model is unknown. As summarised in reviews, 10, 11 several inhospital models of orthogeriatric care have been developed, including geriatric consultation teams, comanaged care between geriatricians and orthopaedic surgeons, and a range of interdisciplinary orthogeriatric care pathways. These models have had benefi cial eff ects on delirium, comp lication rates, and mortality.
Most models of orthogeriatric care reported in the scientifi c literature are initiated after surgery and undertaken in orthopaedic contexts, and are linked to specifi c in-hospital and post-discharge rehabilitation programmes 10 A few, non-randomised studies have investigated acute orthogeriatric care pathways for which all assessments and treatments except surgery were done within a geriatric ward by an interdisciplinary team. One of these studies 7 showed important benefi ts for complication rates, walking ability, and mortality. Investigators from the Oslo Orthogeriatric Trial 12 reported a clinical pathway for patients with a hip fracture, for which the entire assessment and treatment programme, except surgery, took place in an acute geriatric setting; however, no eff ect was shown on cognition as the primary outcome.
The aim of our trial was to assess the eff ectiveness of comprehensive geriatric care versus usual orthopaedic care provided throughout an entire hospital stay, with only the fracture assessment and surgical treatment done by orthopaedic surgeons. We investigated both short-term and long-term outcomes in randomly assigned patients, with assessments done at 1, 4, and 12 months after surgery. Because immobility is an immediate result of a fracture and also later contributes to long-term functional deterioration, 5 we chose mobility at 4 months as the primary outcome.
Methods

Study design and participants
We did a prospective, single-centre, randomised, controlled trial at St Olav University Hospital in Trondheim, Norway. St Olav is a central hospital for 300 000 inhabitants of Sør-Trøndelag County, with 25 municipalities and a total area of 18 848 km², and a regional centre for 696 000 inhabitants in mid-Norway. The health-care system in Norway is organised and fi nanced by the public sector, and based on equal access to services irrespective of social or economic status. In Norway, most patients with hip fractures stay in hospital for at least 2 days after surgery. A few patients are discharged directly home, but most are transferred to dedicated rehabilitation facilities or nursing homes for short-term or long-term stays. Services after discharge are, in principle, provided according to needs.
The protocol and intervention programmes for the study have been published previously. 13, 14 All patients admitted to the hospital with hip fractures were screened (briefl y, a nurse approached all potentially eligible patients with a confi rmed hip fracture in the emergency room, or their next-of-kin). Home-dwelling people aged 70 years or older who had been able to walk 10 m before the fracture were eligible. (Patients living in their homes or sheltered housing, or who were staying temporarily in any kind of institution were defi ned as home-dwelling.) We excluded patients with pathological fractures, multiple traumas, or a short life expectancy, or who were living permanently in nursing homes or already participating in the investigation. The study was approved by the Regional Committee of Ethics in Medical Research (REK4.2008.335), the Norwegian Social Science Data Services (NSD19109), and the Norwegian Directorate of Health (08/5814). Patients or their next-of-kin gave informed written consent to be included in the study before participation.
Randomisation and masking
Provided eligibility criteria were confi rmed, patients were enrolled and randomly assigned in a 1:1 ratio by a nurse to either the orthopaedic ward for orthopaedic care or the geriatric ward for comprehensive geriatric care. Patients were transferred to the allocated wards directly from the emergency department after treatment allocation.
The randomisation sequence was computer-generated in blocks of a size unknown to the investigators. We used a web-based, computer-generated service prepared by the Unit of Applied Clinical Research, Norwegian University of Science and Technology (NTNU).
Masking of the patients and staff delivering the treatment was not possible, and we were only partly able to accomplish masking of assessors during follow-up.
Procedures
The initial diagnosis of a hip fracture was made by an orthopaedic surgeon, who also established the type of operation that was needed. Preoperative and postoperative care was undertaken in the two wards by separate teams. Patients in both groups of the trial received care and physiotherapy in accordance with national and international guidelines.
14 Geriatricians or other doctors with skills in the management of older people did not routinely visit the orthopaedic ward, and orthopaedic specialists did not routinely visit the geriatric ward. By request, for only a few patients, geriatricians briefl y assessed patients receiving orthopaedic care; vice versa, the orthopaedic surgeon assessed a few patients receiving comprehensive geriatric care.
The clinical pathway for comprehensive geriatric care (table 1) was organised both before and after the operation as a systematic and interdisciplinary process, with an emphasis on comprehensive medical assessment and treatment, initiation of rehabilitation through mobilisation, and planning of discharge started early. Individualised rehabilita tion plans were developed for patients who were discharged directly home. The number of staff members per bed was higher in the comprehensive geriatric care unit than in the orthopaedic care unit (nurses 1·67 vs 1·48, doctors 0·13 vs 0·11, physiotherapist 0·13 vs 0·09, and occupational therapist 0·13 vs 0·00). The orthopaedic ward was relocated to a new hospital building on 1 Sept, 2009. After discharge from hospital the primary health-care services were responsible for follow-up in both groups, but neither group was routinely off ered hospital-based follow-up after discharge. When needed, the orthopaedic surgeon arranged follow-up at the orthopaedic outpatient clinic for patients in both groups. For baseline registration of prefracture comorbidity we used the Charlson comorbidity index. The scores range from 0 to 30, with a high score suggesting high comorbidity. 15 For the preoperative risk classifi cation we used the Acute Physiology And Chronic Health Evaluation II severity of disease classifi cation system (APACHE II), with scores ranging from 5 to 89, high scores suggesting a high risk. 16 The minimum score with APACHE II is 5 points because all patients were aged 70 years or older.
Follow-up assessments were done on day 5 after the operation, and 1, 4, and 12 months after surgery. Assessments were done by assessors who were not associated with patient care. 4 month and 12 month assessments were undertaken at the hospital if possible. These assessments were not linked to medical assessments except for fi ve emergency cases from both groups that were managed by a geriatrician. All 1 month assessments, and 4 month and 12 month assessments in very sick patients, were done wherever the patient resided. Whenever possible during data collection, patients were the primary informant. The exception was for Clinical Dementia Rating scores, which were collected from proxies by telephone for all patients, and scores for the Barthel index and the Nottingham Extended ADL scale, which were collected from proxies by telephone for 10-20% of patients in both groups who were unable to provide the data.
Medical information, including complications, admissions to hospital, and visits to outpatient clinics was obtained from hospital records. Information about admissions to institutional rehabilitation centres was obtained from the Norwegian Patient Registry, visits to family doctors and physiotherapists from the Norwegian Health Economics Administration, and nursing home stays and other primary care services from the municipalities' records (appendix).
Outcomes
The primary outcome was mobility at 4 months after surgery measured by the Short Physical Performance Battery (SPPB), 17 assessing standing balance, walking speed, and ability to rise from a chair, assessed in the intention-to-treat population. The total score ranges from 0-12; high scores suggest better mobility.
Secondary outcomes were mobility assessed by Timed Up and Go (TUG) measured as time in seconds to complete specifi c actions-a short time suggests better mobility, 18 personal activities of daily living (ADLs) measured by the Barthel Index with a score range of 0-20 (a high score suggests increased independence), 19 instrumental ADLs (i-ADL), measured by the Nottingham Extended ADL scale with a score of 0-66 (a For both groups, management of standard treatment and surgery is the same: standard treatment consists of preoperative intravenous fl uid, analgesia (preoperative femoral nerve block, regular paracetamol, opioids on demand), thromboembolic prophylaxis, perioperative antibiotic prophylaxis, use of pressure relieving mattresses to avoid decubitus ulcers, and preoperative assessments by an anaesthetist; surgery consists of spinal anaesthesia, two-screw fi xation for non-dislocated femoral neck fractures, hemiarthroplasty for dislocated femoral neck fractures, and a sliding hip screw system for trochanteric and subtrochanteric fractures (some subtrochanteric fractures are fi xed with antegrade intramedullary nailing). p-ADL=personal Activities of Daily Living. i-ADL=instrumental Activities of Daily living. *Orthopaedic care was relocated to a new hospital building after 219 of 397 patients were recruited. †Separate teams with no collaboration. high score suggests better ability to undertake instrumental i-ADL), 20 cognition assessed with the Clinical Dementia Rating scale scored with a sum of boxes with a range of 0-18 (a low score suggests better cognitive function) 21 and the Mini Mental Status Examination (MMSE) with a score range of 0-30 (a high score suggests better cognition) 22 and quality of life assessed by the EuroQoL-5 dimension-3L (EQ-5D-3L) questionnaire with a score range of -0·594 to 1 (a low score suggests a worse quality of life). 23 Fear of falling was assessed by the Falls Effi cacy Scale International-short form (FES-I-s) with a score range of 7-28 points, for which a low score suggests decreased fear, 24 and mood by the Geriatric Depression Scale, ranging from 0 to 15 points, for which a low score suggests a better mood. 25 Additional outcomes described in the protocol manuscript 13 such as gait control and daily physical activity from the whole set of participants will be published in separate reports. Our choice of this wide range of outcome variables is, to a large extent, in line with published recommendations for studies assessing orthogeriatric comanagement of hip fractures.
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Statistical analysis
Sample size was calculated from an estimated eff ect size of 1·0 point in mean SPPB score at 4 months after surgery. (1·0 point is regarded as a substantial meaningful change, and 0·5 points is a small meaningful change). 27 We expected a reduction of 10% in participants resulting from death and a 10% dropout because of withdrawals during Figure 1 : Trial profi le *One participant registered as deceased in the comprehensive geriatric care group and one in the orthopaedic care group fi nished their fi nal tests before death. Data for health-care services and economics were available for all patients except one in the orthopaedic care group who withdrew consent to collect data from registries; therefore n=198 in both groups. A statistical analysis plan was completed before doing any data analyses. Group allocation was masked during analysis of the primary outcome. All randomly assigned patients who met the inclusion criteria were included in the intention-to-treat population.
An independent clinical trials unit (Warwick Clinical Trials Unit, University of Warwick, Warwick, UK) reviewed emerging safety data (mortality and serious adverse events), and the assumptions underlying the sample-size calculation when 200 patients had been recruited. No planned or unplanned formal interim analyses were undertaken.
We used single imputation with the expectation maximation algorithm for individual missing items on questionnaires and performance tests, with scores from the same timepoint as predictors.
We checked the normality of residuals by visual inspection of Q-Q plots. Results are reported as means, SE, and SD. Linear mixed models for repeated measurements were done with all outcome assessment scales as dependent variables, controlling for age, sex, and femoral neck fractures. 28 We analysed diff erences in the length of stay in the hospital between groups with linear regression. Diff erences between groups in the number of patients discharged directly home, admitted to hospital, or staying in nursing homes were analysed with Pearson's χ² test.
We assessed the eff ect of the move of the orthopaedic care unit to new facilities on SPPB, the Barthel index, and the Nottingham Extended ADL scale by use of a linear mixed model with an interaction product of group, before and after the move.
We regarded two-sided p values of less than 0·05 to be deemed statistically signifi cant, and report 95% CIs when relevant.
We assessed cost-eff ectiveness from a broad health-care perspective. We calculated QALYs with the area-under-thecurve approach, with an assumption of a linear change in EQ-5D-3L values over time. 29 If a patient died, they were classifi ed as having no previous decrease in quality of life. All patients were given an equal EQ-5D-3L baseline score based on a systematic review of osteoporosis-related utility values. 30 The diff erent health states generated from the EQ-5D-3L were assigned values from the UK time-trade-off tariff 23 (ie, each health state was assigned a number between -0·594 and 1·000).
We imputed missing data for the EQ-5D-3L by multiple imputation using age, sex, fracture type, Charlson comorbidity index, APACHE II, the Barthel index, and MMSE as predictors. Imputations were done 100 times.
The sum of surgical treatment costs and length of stay multiplied by the cost per day constituted the cost per index stay, with costs per day for comprehensive geriatric care and orthopaedic care calculated on the basis of diff erences in staff numbers. Patient use of services after discharge was combined with unit costs to calculate the cost per patient (appendix).
We evaluated cost-eff ectiveness by calculating the diff erence in mean costs and dividing by the diff erence in mean QALYs, assuming a theoretical threshold of €62 500 per QALY gained. We estimated any uncertainty about the incremental cost-eff ectiveness ratio (ICER) by bootstrapping the costs and eff ects 1000 times. 31 Any patient who died during the course of the trial was allotted zero costs and zero health from the date of death and was not classifi ed as censored. 32 We did all analyses with the IBM SPSS statistics 20.0 program.
This trial is registered with ClinicalTrials.gov, number NCT00667914.
Role of the funding source
The funders of the study had no role in the study design, data collection, data analyses, or data interpretation, or writing of the report. The corresponding author had full access to all the data in the study and had fi nal responsibility for the decision to submit for publication.
Results
Patients were recruited from April 18, 2008, to December 30, 2010 (the prespecifi ed fi nishing timepoint). 1077 patients were screened for eligibility, of whom 397 were randomly assigned to receive either comprehensive geriatric care (n=198) or orthopaedic care (n=199) (fi gure 1). Most patients were randomly assigned in the emergency room before they were transferred to their assigned ward. 22 (table 2) . For the 397 randomly assigned patients, the mean age was 83 years (SD 6·1), 293 (73%) were women, and 239 (60%) lived alone before the fracture. The proportion of patients with femoral neck fractures did not diff er between groups (table 2). Mortality in the comprehensive geriatric care and orthopaedic groups at 12 months was 30 (15%) of 198 and 37 (18%) of 199 patients, respectively (p=0·36). We noted no diff erences in fracture-related or other complications during the index stay (data not shown). Mean prefracture personal-ADL Barthel index scores were 18·3 (SD 2·3) and 18·1 (2·8), and mean prefracture Nottingham Extended ADL scale scores were 42·5 (17·7) and 41·9 (17·5).
For the primary outcome of mobility at 4 months, the comprehensive geriatric care group had better mean SPPB scores than the orthopaedic care group, with a between-group diff erence of 0·74 points (95% CI 0·18-1·30, p=0·010; table 3, fi gure 2). The between-group diff erence at 12 months was 0·69 (0·10-1·28; p=0·023). 165 patients in the comprehensive geriatric care group and 160 in the orthopaedic care group were assessed for the primary outcome. Between-group diff erences in mean SPPB scores were in favour of comprehensive geriatric care on day 5 after the operation but were not signifi cant at 1 month (table 3, fi gure 2). We noted no signifi cant between-group diff erences for mobility TUG during follow-up (table 3) .
The mean instrumental ADL score during the study was signifi cantly better in the comprehensive geriatric care group than in the orthopaedic care group at 4 months and at 12 months (table 3) . Mean p-ADL score at 4 and 12 months after surgery also favoured comprehensive geriatric care. Quality-of-life measures were higher in the comprehensive geriatric care group than in the orthopaedic care group; however, the diff erence at 1 month was not signifi cant (table 3, appendix).
Cognitive function assessed by the MMSE at 4 months and the Clinical Dementia Rating Scale at any timepoint did not diff er signifi cantly between the groups (table 3) . However, MMSE scores were better for comprehensive geriatric care at 12 months than for orthopaedic care (table 3) .
Fear of falling was reduced in the comprehensive geriatric care group compared with the orthopaedic care group at 1 month, 4 months, and 12 months. We noted no signifi cant between-group diff erences in symptoms of depression as measured by the Geriatric Depression Scale (table 3) .
The mean preoperative waiting times were similar between groups; however, mean length of hospital stay was signifi cantly longer in the comprehensive geriatric care group than in the orthopaedic care group ( (table 4) . Fewer patients receiving comprehensive geriatric care were admitted to short-term nursing home stays between 4 and 12 months after surgery than patients receiving orthopaedic care. Diff erences between groups in the proportions of patients living at home, or admitted to hospital or long-term nursing homes during follow-up were not signifi cant (table 4) . The comprehensive geriatric care index stay was more costly than the orthopaedic care stay, with a mean diff erence of €2331 (95% CI 1483-3178), p<0·0001. Diff erences between the groups for total costs per patient were non-signifi cant (mean €-5154 [-13 311 to 3007], p=0·22). Table 5 and appendix show further details about costs for other health services.
The number of QALYs was higher in the comprehensive geriatric care group than in the orthopaedic care group at 4 and 12 months (table 3) .
The ICER was calculated to €-71 751 per QALY gained. Bootstrap results suggest that comprehensive geriatric care has a 99% probability of being cost eff ective compared with orthopaedic care, with the assumption of a threshold of €62 500 per QALY gained. Comprehensive geriatric care has an 88% probability of being both less costly and more eff ective than orthopaedic care-ie, of being a dominant alternative (fi gure 3).
At the time that the orthopaedic care group relocated to a new hospital, 219 (55%) of 397 patients had been recruited. The interaction analyses of the eff ect of the orthopaedic care group moving to new facilities during the study period did not show signifi cance at the 0·05 level for mobility (SPPB scores, p=0·078), personal ADLs (Barthel index scores, p=0·13) , or instrumental-ADLs (Nottingham Extended ADL scale scores,p=0·19).
Discussion
We investigated if any benefi t was gained when patients with a hip fracture receive all assessments and treatments except surgery in an acute geriatric ward from an interdisciplinary team, rather than the usual orthopaedic care ward. For the primary outcome of mobility as measured by SPPB 4 months after surgery, the results were better with comprehensive geriatric care than with traditional orthopaedic care (see appendix for details). Most secondary outcomes were also better with comprehensive geriatric care than with orthopaedic care, including mobility and cognition at 12 months, activities of daily living, fear of falling, and quality of life at 4 and 12 months. The length of stay was signifi cantly longer in the comprehensive geriatric care group, and signifi cantly more patients in this group were discharged directly home, than were patients in the orthopaedic care group. Diff erences in the place of residence, and the number of patients admitted to hospital, rehabilitation, or long-term nursing-home care during 1 year of follow-up did not diff er between groups, except for fewer patients in the comprehensive geriatric care group admitted for shortterm stays in a nursing home 4-12 months after surgery than those in the comprehensive geriatric group. The analyses suggest a high probability of comprehensive geriatric care being both less costly and more eff ective than orthopaedic care for patients aged 70 years or older.
Mobility was chosen as the primary outcome because immobility is an immediate result of a fracture, and older patients with hip fractures often have a marked and permanent deterioration in their walking ability. 5 SPPB is regarded as an objective outcome of physical performance, and also captures the health status of the participant. 33 Therefore the signifi cant SPPB between-group diff erence of 0·74 at 4 months, regarded as a clinically meaningful change, 27 and long-term improvement of mobility with comprehensive geriatric care, represent important fi ndings. This result is consistent with the orthogeriatric study of Shyu and colleagues 34 done in an acute orthopaedic context (panel). Results from subgroup analyses in the Oslo Orthogeriatric trial 12 done in a geriatric context also indicated improved mobility with comprehensive geriatric care for home-dwelling patients. We noted, however, no between-group diff erences for the secondary mobility outcome of TUG. It seems that the TUG is less sensitive to change than the SPPB, possibly because patients who are unable to undertake this test are not given a score.
The signifi cant and clinically meaningful benefi ts 35 of comprehensive geriatric care for instrumental-ADLs at 4 and 12 months have not been shown in previous studies of patients with hip fractures. The ability to complete instrumental-ADLs is an important need for independent living. In line with previous rehabilitation studies 10 and results from the trial by Shyu and colleagues, 34 we showed a slight eff ect on ability to undertake personal-ADLs in favour of the comprehensive geriatric care group. The magnitude of the diff erences in quality of life at 4 and 12 months is roughly the mean of reported minimally important diff erences, which further supports the results of ADL benefi ts for the comprehensive geriatric care group. 36 The 1·44 point diff erence in mean MMSE scores at 12 months can be regarded as clinically signifi cant at a group level in these frail, older patients, although a diff erence of 3 points is needed to be of clinical importance for individual patients with dementia. 37 We noted a signifi cant and probably clinically important 1·2 point diff erence in FES-I-s scores at 1, 4, and 12 months in favour of the comprehensive geriatric care group. 38 The proportion of patients discharged directly home was signifi cantly higher in the group receiving comprehensive geriatric care than in the group assigned to orthopaedic care. This fi nding could be attributed to a better in-hospital programme for discharge planning and mobilisation. On one hand, the notion of a better mobility programme in the comprehensive geriatric care group during the hospital stay is supported by patients spending more time in a standing position and walking in the comprehensive geriatric care group than the orthopaedic care group, as measured by use of body-worn sensors on day 4 after surgery. 39 On the other hand, length of stay in the hospital was signifi cantly increased in the group receiving comprehensive geriatric care, compared with the group receiving orthopaedic care. These fi ndings contrast with previous studies of orthogeriatric care, as summarised in a review. 10 In our study context, periods of heightened need for trauma-ward beds in the orthopaedic care department might have increased the rate of discharge for this group. Another explanation for the discharge policy could be that comprehensive geriatric care and discharge planning are time-consuming. Also, some extra days in hospital might have been suffi cient for some patients to have been discharged directly home.
Costs separated by service categories show that the index stay was more costly in the comprehensive geriatric care group than in the orthopaedic care group; between-group diff erences of costs for later hospital stays, stays in rehabilitation facilities and nursing
Panel: Research in context
Systematic review
We searched the PubMed database, with no date restrictions, for English-language studies of orthogeriatric treatment models of hip fractures, especially new models focusing on long-term results of acute comprehensive geriatric assessment and care practised in geriatric wards. The search included studies with or without randomisation, reviews, and meta-analyses.
We started the search on Feb 17, 2007 , during the planning of the study and repeated it several times until Dec 15, 2013. The search terms were "hip fracture" combined with either "orthogeriatric" or "comprehensive geriatric assessment". The last search identifi ed 69 and 42 reports, respectively, of which we manually searched reference lists to identify relevant publications not found by the primary search. We excluded studies of long-term, in-hospital rehabilitation, events within an orthogeriatric environment that were not related to the treatment itself, consultation services after discharge, and rehabilitation were excluded.
We found two reviews 10, 11 describing an update of the scientifi c literature on orthogeriatric treatment of hip-fracture patients in various service contexts. We identifi ed only one randomised trial focusing on both an acute care setting and a short-term comprehensive geriatric care programme investigating long-term eff ects on mobility and function. 34 However, this model was run in an orthopaedic context including specifi c elements of rehabilitation both in-hospital and after discharge.
Other publications presented protocols without results and some reported results from non-randomised trials. One such large study from Israel compared acute treatment of hip-fracture patients in a geriatric ward as compared with treatment in an orthopaedic ward and reported impressive short-term and long-term results in favour of the geriatric pathway. This study was the origin of our model. 7 However, several limitations make the reliability of results from this kind of study questionable, the most important being related to the non-randomised design. A model similar to ours has been studied in the Oslo Orthogeriatric trial. 12 Although no eff ect on cognition was shown, subgroup analyses from this trial suggested improved mobility in the comprehensive geriatric care group.
Interpretation
Our trial showed that patients aged 70 years or more with hip fractures have signifi cant and clinically important improvements in mobility, activities of daily living, and quality of life when they receive comprehensive geriatric assessment and care in a specialised orthogeriatric unit, compared with usual care on an orthopaedic trauma ward. Comprehensive geriatric care is also more cost eff ective than orthopaedic care. The strengths of the study were the size, the controlled design, and the care of the participants, and the main limitations are the absence of masking and the single-centre location.
To our knowledge this is the fi rst time such an eff ect has been shown in a large, prospective, randomised, controlled trial. Our results are in accordance with fi ndings from previous non-randomised studies of hip fractures and studies of acutely sick, frail, older patients without hip fractures, for which comprehensive geriatric assessment and care were implemented in dedicated geriatric wards.
homes, and costs for health-care services at home were not signifi cant. The combined eff ect of diff erences in costs, mortality, and quality of life as captured by the ICER, shows that comprehensive geriatric care is a costeff ective alternative to orthopaedic care. To our knowledge, the cost-eff ectiveness of comprehensive geriatric care has not been reported in previous trials of orthogeriatric comanaged care in patients with hip fractures, although it has been shown in a nonrandomised investigation. 40 The major strengths of our study are the randomised controlled design with the control group receiving usual orthopaedic care, the large sample size, the high retention rate, the focus on long-term functional outcomes and cost-eff ectiveness, and that our primary outcome measure was a detailed, performance-based test 17, 27 rather than the self-reported measures often used in previous studies. 5 Analyses were done according to a prespecifi ed statistical analysis plan and treatment allocation was masked during the fi rst data analysis.
The main study limitation is related to masking and concealment of the treatment allocation. Masking of the patients and staff delivering the treatment was not possible, and we were only partly able to accomplish masking of assessors during follow-up. The absence of masking might potentially have aff ected results from performance-based tests and questionnaires. However, data collection for discharge destination, place of residence, and use of health-care services was undertaken with the group allocation concealed. The results on these outcomes and also the activity monitoring data assessed on day 4 after the surgery 39 support our results for the primary outcome. Therefore, despite the absence of masking, we argue that our results are robust.
Important limitations for the analysis of cost-eff ectiveness include the absence of baseline EQ-5D-3L measurements, making it impossible to control for any potential imbalances in baseline values. 41 Data for costs were obtained from registries, which avoids any diffi culties with recall and selection bias, but might be aff ected by incorrect coding or absence of registration. The economic evaluation is based on secondary outcomes; however, this trial was not powered adequately enough to show diff erences in costs.
Our study was a single-centre trial, which also raises the important question of generalisability and feasibility. Comprehensive geriatric care is a multifaceted, integrated assessment and treatment involving several people from diff erent professions and backgrounds. Treatment eff ects are therefore not likely to result from the competence and skills of one person. The work was undertaken in a large hospital, with national and international guidelines applied by the Department of Orthopaedic Surgery. Thus, the treatment in the orthopaedic care group should be similar to such treatment in many other hospitals in northern Europe.
Furthermore, our study sample was large, and representative of home-dwelling, older patients with a hip-fracture and preserved walking ability, and constituted 397 (75%) of all 530 screened patients with hip fractures that were eligible. Patients were mainly excluded because they were too young and not regarded as in need of comprehensive geriatric care, or they were staying permanently in nursing homes and excluded because of the choice of primary and secondary outcomes. Furthermore, our results are supported by results from previous studies of orthogeriatric hipfracture treatment, 10, 11 and also by results from studies of comprehensive geriatric care in frail, older patients in general. 8 Accordingly, we think that our results are valid and that comprehensive geriatric care is feasible in other settings, although only multicentre studies can support this hypothesis. This is the fi rst trial to show benefi t and costeff ectiveness when patients aged 70 years or older with hip fractures are admitted directly to a geriatric ward for comprehensive geriatric care. Existing guidelines suggest that treatment of older patients with fragility fractures should be organised as orthogeriatric care. 9 The present study supports these recommendations for older patients with hip fractures, and shows that preoperative and postoperative orthogeriatric manage ment of these patients improves outcomes for 4 months, and for at least 1 year after surgery, compared with treatment in traditional orthopaedic trauma wards.
